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Overall  Program  Concept 
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I  R 


The  Objective  of  the  AIM-C  Program  is  to  Provide  Concepts,  an  Approach,  and 
Toois  That  Can  Acceierate  the  Insertion  of  Composite  Materiais  Into  DoD  Products 


RDCS/Web  Framework 


Durability 

structure 

Material  &  Process 

Producibility 

Models 

Models 

Models 

Models 

wO  L 

Models 

(Science  Based) 

1  (Science  Based) 

1  (Science  Based) 

(Science  Based)  | 

Heuristic 

Models 


Data  Bases 


RDCS  -  Robust  Design  Computational  System 

Module:  linked  set  of  related  models/databases;  8  in  AIM-C  Phase  I  Program  - 
Resin,  Fiber,  Prepreg,  Processing,  Lamina,  Structures,  Durability,  and  Producibility 
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Definition: 


A  Controiier  Moduie  to  Compare  Requirements  to 
Manufacturing  Capabiiities  For  Quaiity  Components 


Corollaries: 

•  Can  I  Make  It? 

•  With  What  Degree  of  Success? 


How  Can  I  Make  It? 

By  Which  Manufacturing 
Sequence  Should  It  Be  Made? 


*  The  Initial  Envisioned  Module  Provides  Heuristics  Which  Give  Guidance 
Through  Part  Thermal  Processing  (Cure/Post  Cure) 

*  Higher  Level  Module  That  Manages  And  Guides  The  Other  Modules  To 
Exercise  Only  The  Tools  That  Are  Necessary  To  Address  The  Designers 
Requirements 

*  Phase  1  Program  Only  Looking  At  Autoclave  Processing 
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Producibility  Module  Definitions 


Additional  Definitions: 


>  Manufacturing  Capabilities 

•  Ability  to  Fabricate  the 
Unassembled  Components 
with  Identified  Materials  and 
Manufacturing  Methods 


>  Quality  Requirements/ 
Parameters 

•  Meets  Functional 
Requirements  (Strength, 
Stiffness,  Dimensions,  Etc.) 

•  Requirements/Parameters  are 
Identifiable,  Measurable,  and 
Boundable 
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>  Manufacturing/Processing  Steps/Areas 

•  Ply  Cutting 

•  Layup 

•  Debulking 

•  Bagging 

•  Equipment 

•  Tooling 

•  Repairability 


>  Component  Quality  Requirements/Parameters 

•  Dimensions  •  Fiber  Volume/Resin 

•  Voids  Content 

•  Porosity  •  In-Plane  &  Out  of  Plane 

•  Inclusions  Fiber  Distortion 

•  Surface  Waviness  •  Surface  Finish 


> 


In-Process  Quality  Requirements/Parameters 


•  Ply  Angle 

•  Ply  Lap/Gap 

•  Out  Time 

•  Freezer  Time 

•  Equipment 
Certifications 


•  Heat-up  Rates 

•  Cure  Time,  Temp, 
Pressure 

•  Abort  Conditions 

•  Debulk  Time,  Temp, 
Pressure 
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Module  Functional  Flow  Chart 
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Design  User 
Requirements 


CAD  Master 
Data  Tie 


>  Kind  of  Structure  (Skins, 
Substructure,  Doors,  Etc.) 

>  Class  of  Structure 
(Primary,  Secondary,  etc.) 

>  Type  of  Structure 

>  (Monolithic,  Cocure,  Etc.) 

>  Configuration/Features 

>  Toierances 

>  Fiber/Fiber  Form 

>  Fiber  Voiume/ 

Resin  Content 

>  Quaiity  (Voids,  etc.) 

>  Additional  Matl’s 

>  Secondary  Operations 

>  Repairabiiity 

>  Manufacturing  Methods 


Other  User  Requirements 


Certification  User 
Requai  Requirements 


>  Changed  Mat’i, 
Process,  Equipment, 
Tooiing 


Moduies/RDCS 


>  Resin 

>  Fiber 

>  Prepreg 

>  Processing 

>  Lamina 

>  Structure 


◄ — ► 


Variability/ 
Error  Anaiysis 
Resuits 


Key  Mat’i 
&  Process 


>  Durabiiity 

Controis 

r 
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Knowledge  Bases 


>  Lessons  Learned 

>  Structure  Kind,  Type.. 

>  Configuration 

>  Parts 

>  Secondary  Operations 

>  Repairabiiity 

>  Sourcing  Capabiiities/ 
Capacities 

>  Equipment 

>  Tooling 

>  Quality 

>  Test  Methods 


CACC 


i_ 


Outputs 


CAICAT,  ATMCS, 
FiberSim,  Panform 


>  Divergence/Risk  for  Requirements 
Relative  to  Capabilities 

>  Risk  Reduction  Recommendations 

>  Costs/Times 

>  Design/Manufacturing  Recommendations 

>  Mat’i  &  Process  Spec  Recommendations 

>  Quaiity  Plan/Recommendations 

>  Indirect  Materiais 

>  Tooiing  Definitions/Concepts 
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Producibility  Module  Software! 


Most  aspects  of  producibility  are  very  subjective  and/or  based  on  previous 
experience  with  very  little  existing  software.  Therefore,  it  is  proposed  to  use 
existing  software  capable  of  logical  programming  along  with  data  bases  that 
will  contain  pertinent  information  to  be  interrogated  through  SQL. 


>  Heuristic  and/or  Ruie  Based  Software 
(Java,  Visuai  Basic,  C++....) 

>  Knowledge/Data  Bases 
(Access,  Oracle,  M-Vision,...) 

>  Science  Based  Objective  Models 
(Fortran,  C++,  etc.) 

•  CACC  (Thickness,  Voids/Porosity,  Resin  Fiow 
Bagging,  Debuiking,  Tooiing,  etc.) 
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Red  =  Basic  Activity 
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Knowledge/Data  Bases 
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Lessons  Learned 


Manufacturing/Processing 

Steps 

>  Cutting 

>  Layup 

>  Debulking 

>  Cure 

>  NDE/Quality 

>  Testing 

Equipment 

>  Cutting 

>  Collation 

>  Ovens 

>  Autoclaves 

>  NDE 

>  Testing 


>  Configuration/Type/ 
Class  (Parts) 

>  Methodology 

>  Material(s)  and  Material 
Combinations 

>  Manufacturing/ 
Processing  Steps 

>  Tooling 

>  Equipment 

>  Quality  (In-process 
and  Final  Part) 

>  Testing/Evaluations 

>  Secondary  Operations 

>  Repair 

>  RDT&E  Costs/Times? 


Tooling 

>  Primary  Tooling 

>  Secondary  Tooling 

Secondary  Operations 

>  Bonding 

>  Painting 

>  Coating 

Repair 

>  In-process 

>  Final  Part  (After  Cure) 

>  Material  Compatibility 

Other 

>  Health  &  Safety 

>  ITAR 

>  Proprietary  Info 


HORTHROP  GRUMMAN 


Aeromat  June  2002  -  7  AIM-C 


miRft 


Cause  and  Effect  Diagrams 
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Tooling 
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Tooling 
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AIM-C  Producibility  Module 


R 


Producibility  Module  Has  Integrated 
Components  That  In  Turn . 


4  Components  ► 


Are  Integrated  With  Other  AIM-C  Modules 
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Producibility  Module 
Demo  Overview 
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Starting  Module 
Design  User 


Control  of  Users 


Multiple  User  Types 

Administration  Control  for 
Data  Bases 

Design  User  Variables  for 
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From  a  Design  User 
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From  a  Producibiiity  User 
Standpoint 


/tcceferafed  Insert! 


U-s«r  Lo^ln 


U-strnamt  P 


Enter  you  lOQin  and  [MSSWiord 
th^n  lit  Login 


Logiti  I  Claai 


Accelerated  inse  lion  o 


A\\  \  Hide  ftjl  t 


D«sIi]ti  Uf  Qir 

DB^pijn  User  Inouil 
Pradyriliilitv  ^vqliifitiniri 

PraitucibHH:^  User 
DE:sigri  Inpirt 

Priidut:ll?i|ii:v  UsuT  VflrieMes 
Affnninlstrfltvr 

*  Mflij 

C~o1l9Niir4tiriri 
m  Mfl-^miigip-r 


t>oubl0  clic]^s  to  collapse  /  expand  this  menu  frafipi 


Show  Ml  ]  Hide  All  ] 


Design  User 

Design  User  Inp  ut 
All 

Mirterials 
structure  Kind 
smjiitui'e  cLnsstfIcaftlan 
Slrticlurft  Ty^pita 
Cenfigurati-nn 
Tolerances 
Part  Fiber  Vnlunie  / 
Restn  Cahlent 
Qyalitv  Reqiilnioienis  - 
Parts 

Secondary  Operations 
Additional  Materials 
RepalrabiElty 
Monufacturino  MeUiods 
Qunntltv  /  TlJhi’t 

Preduribiirtv  Eval^ualieo 
All 

Thickness 
Vaids  atiil  Poru^lly 
Cutting  -  Hand 
Inclusions 
Heat  up  Rate 
Aulutldi^R  CUrfi  Prtitlla 
Debulk, 

Freezer  Tim  e 

Prfidudbllitf  Umr 
Design  Inpirt 
Produclbllltv  User 
¥aHables 

Aduilnistratnr 


HORTHROP  GRUMMAN 


Aeromat  June  2002  -  1 1  AIM-C 


Design  User  Inputs 


Design  User 
Definabie  Variabies 


Design  User  Sets 
Problem/Require¬ 
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Producibility 
Evaluations 
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Evaluations  or  All 
Items 
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Producibility  -  Quality 
Thickness 
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Producibility  -  Quality: 
Thickness 
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Producibility  -  Quality 
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Producibility  -  Quality: 

Voids 


Output 
Recommendations 
Based  on  User 
Inputs,  Std 
Produce  Tests, 
and  Lessons 
Learned 
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Producibility  -  Method: 

Cutting 
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Cutting  -  Hand 
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Methods  Take  Into  Account  Facilities/Capabilities, 
Direct  Materials,  indirect  Materials,  Part  Quality,  In- 
Process  Quality,  and  Interactions  With  Qther  items 
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Producibility  -  Method: 

Cutting 


Results  fvr  Cutting  -  Hand 
Frepren  Macwud  -  InOnnct  Mdterlah 

i^iuuKliLid  Mfth^nprta- 
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PT<MLid:A  UibdBKi^Aiti  NIDE  DbmiMLJblHy 

EimkHti  auttmoi  iifMrVDr  §f*r7V?  S^cflLri»n  far  pripf^g  UEtg*  WG  dtttctibittv.  contifnMjan 
;Eh-!p7G£^s  Duafity  -  Alcutxy 

Afifta  dpEWH-f  I^ETlBl  \WjfW  *"l^  pnjMi-^yiiBppptpiilltTOI  ewp  rm\  mBfll  rBC|i^-mH-ti  ^  [p-^a 
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DAEPA 


Producibility  User 
Producibility  -  Quality 
Thickness 


I  R 


thildudbilll-^  IKAh 
1  Hll 

I  ^dEprlnk 
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-  Quality 
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«  All 
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>1  ^uElinqi 
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I  IIHpri  B^ilnlr 
I  huEni’birr^ 

^UT  l5*rTiF*t 

*  PpbuIN 

*  FTTPE^rl^sp 
Adinlnkl^aEdi- 
^iIiMabdnlElLiri 
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Thickness  for  Producibility  User  Variables 


-a  D  >as 


TMri  nur^v-y 


PHae*  vpfctiy  pirt  p4nirnft*r«  ^nd  ^llch  C^EJculit^ 


CnJculEtle 


Opgni 


SELV4 


Tolerance 

Re{|uir«n»n(t« 

ilT*lHancg  Valu*i  il  Iflwn:  1 

Hin:  || 

Hik: 

The  Module  Is 
Flexible  So  Different 
Users  Can  Use  It 
For  Their  Needs 
Later  In  a 

Development  Cycle 
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DiRiRA 


Producibility  User 
Producibility  -  Quality 
Thickness 


Xsl  A 
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»  -All 
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w 
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Pitiiii  ipDq^part  pEanmptin  Mmf  click  E^ilculit*  ; 
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TalerancE  REquirements 


Thickness  for  Pradudbilily  User  Variables 


thlckUM^ 

Pirt 

pir  pty  ivit  i  i 
pir  ply^pvt  S|| 

Pff  ply  (vit 
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Min  Upx 
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Good:  sickness  variations  within  tolerance 

IVtethod 
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Output  According 
To  Needs 
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a  Administrator  User 

Data  Base  Management 
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VqI45  dPii  P«^ii4v 
CuttiKp  -  H4<M 
l*Llitld*i 
mdl'  up  RdtP 
AutndBWP  CuiT 
Debulk 
Febbrar  Time 

A4mlnl5lF4NDr 
w  tlMdbKA 

■  H.^11 

CeHbhbhJilbd. 

■  ^^ps-se»#er 


Please  select  a  database 

Y4U  are  edUin^  AIMC  petebese  You  ceni  select  arid  'Jew  am/  table,  or  run  an^  S>OL  query 
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FBh- 
rnriUwi 
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VHKVlMLb 


Maintainability 
and  information 
Updating  Is 
Critical.... 
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Collaboration  User 
Messenger 
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DARBA 


Summary 


•  Basic  Effort  Accomplishments: 

-  Design  User  Interface  for  Producibility 

-  Producibility  Quality  Areas  of  Thickness  and  Voids 

-  Producibility  Operation/Processing  Area  of  Cutting 
and  Indirect  Materials 

-  Recommendations  Based  on  Inputs  and  Lessons 
Learned 

-  Integration  of  Producibility  Module  Multiple 
Component  Pieces 

-  Integration  of  Producibility  Module  with  other 
Modules 
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-Populate  Module  For  Core  Flat  Panel  Fabrication 
Producibility  Analysis 

-Populate  Module  For  Panel  With  Ramp  Feature 
Fabrication  Producibility  Analysis 

-Populate  Module  For  Flat  Panel  With  Co-cured  Hat 
Stiffener  Fabrication  Producibility  Analysis 

-Populate  Module  To  Perform  Producibility  Analysis 
With  Combination  Of  Co-Cured  Hat  Stiffened  Panels 
And  Ramps  To  Support  The  Compelling 
Demonstration 
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Motivation 


A  Feature  Based  Producibility  Assessment 
Through  Parameterized  Process  Modeling 


-Augment  current  heuristic  approach  for  cure  cycle  design  with  a  physics  based 
prediction  methodology 

-Make  a  high-end  analysis  tool  (AIM-C  Processing  Module)  available  for  design 
through  RDCS 

-Demonstrate  integration  between  the  web  based  front-end  of  Producibility  and 
RDCS 


Integration  approach 

-Parameterize  AIM-C  Processing  Module  input/output 
-AIM-C  Processing  Module  embedded  in  a  Math  model 
-Web  based  GUI  for  a  design  process  (genetic  optimization) 
-Producibility  module  creates  RDCS  batch  file 
-Pilot  version  of  invoking  RDCS  on  the  designer’s  desktop 
-Design  exploration  to  find  cure  cycle  that  meets  heat-up  requirements 
Accomplishments 

-Designed  feasible  curing  cycle  that  met  heat-up  requirements 
-Identified  fabrication  processes  that  are  likely  to  result  in  defective  parts 
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Use  Scenario  and  Problem  Statement 


Composite  System  Cure  Requirements 


Design  and  Tooling  Requirements 


Thermally  massive  tooling,  inserts 
Co-cure  Tail,  Ti  Wing  Root 


Resin  chemistry  requirements 
In-cure  and  residual  stresses 
Minimum  and  maximum  rates 
Minimum  and  maximum  hold  times 
Intermediate  temperature  holds 


Thick  and  Thin  Sections 
Keel  beams.  Attachment  points 

Combinations  of  Above 


Evaluate  Design  Driven  Requirements  Relative  to  Material  and  Processing 
Requirements  for  Heat-up  Rate  and  Exotherm  Producibility  Issues 
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<lbJ[KllV4  i-UnicLlO-r 


Representative  Results:  Thin  part,  thick 

aiuminum  tool 


M  / 


3.CD  -WE 


w 


Objective  and 
Constraints 


Performance=Objective+(A+BZ(Violations)) 


±W  -  DO 


;D  4.43  ’0  04 

C0"0>- 
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Important  constraints 

4  -  Minimum  part  heat-up  rate  at  ramp  2 

5  -  Maximum  time  at  final  cure  temperature 

6  -  Minimum  time  at  final  cure  temperature 

7  -  Maximum  acceptable  heat-up  gradient 


Resource  needs:  ~  550  evaluations 

3  hrs  wall  clock  time  (100  workstations) 
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Conclusions 


•Demonstrated  Integrated  Producibility-Processing-RDCS  Design  Tool 

•Tool  was  used  to  search  for  feasible  heat-up  cure  cycles 

•Feasible  designs  were  not  found  in  all  cases 
-Insight  into  the  process 

-Options:  change  tooling  material  or  relax  constraints 
-This  is  precisely  what  the  AIM-C  facilities  are  intended  for: 

Identify  and  solve  design/producibility  problems  early  to  avoid  cost 

and  schedule  overruns 
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HAIM-C  Reduces  Time  and  Cost  of 

Insertion  by  Understanding  the  Actual 
Manufacturing  and  Structural  Analysis  of 

Reai  Appiications 


COST  OF 
REWORK 
CYCLES 


Slope  gives 
average  cost  of 
rework  cycle 


Reduction  in  rework 
cycles  driven  by 
reduced  uncertainty 
(increased  confidence)  200 


30o|N umber  Of 
Corrective 
Actions 


250 


IJnknown- 

IJj^knowns^ 


Known- 

Unknowns 


Cost  Of  Rework 

Cycle§.SBi 


Close  to 
Experience^ 


A' 


A 


(3.5 


0.8 


Uncertainty 


Uncertainty  reduction  from 
risk  mitigation  activity 
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